This study evaluated the effect of a 12-week social marketing intervention conducted in 2012 promoting 1% milk use relying on paid advertising. Weekly milk sales data by type of milk (whole, 2%, 1%, and nonfat milk) were collected from 80 supermarkets in the Oklahoma City media market, the intervention market, and 66 supermarkets in the Tulsa media market (TMM), the comparison market. The effect was measured with a paired t-test. A mixed segmented regression model, controlling for the contextual difference between supermarkets and data correlation, identified trends before, during, and after the intervention. Results show the monthly market share of 1% milk sales changed from 10.0% to 11.5%, a 15% increase. Evaluating the volume sold, the monthly mean number of gallons of 1% milk sold increased from 890.5 gal (SD = 769.8) per supermarket from before the intervention to 1070.7 gal (SD = 922.5) following the intervention (t(79) = 9.4, p = 0.000). Moreover, average weekly sales of 1% milk were stable prior to the intervention (b = −0.2 gal/week, 95% CI [−0.6 gal/week, 0.3 gal/week]). During each additional week of the intervention, 1% milk sales increased by an average of 4.1 gal in all supermarkets (95% CI [3.5 gal/week, 4.6 gal/week]). Three months later, albeit attenuated, a significant increase in 1% milk sales remained. In the comparison market, no change in the market share of 1% milk occurred. Paid advertising, using the principles of social marketing, can be effective in changing an entrenched and habitual nutrition habit.
Introduction
Most Americans consume high-fat milk, a preference the Dietary Guidelines for Americans has sought to change (U.S. Department of Health and Human Services and U.S. Department of Agriculture, 2010 Agriculture, , 2015 . The 2003-2004 National Health and Nutrition Examination Survey documented that 74% of all milk consumed was either whole (32.3%) or 2% milk (41.7%) while 1% and nonfat milk together represented just 26% of milk consumed (10.4% and 15.6% respectively) (Britten et al., 2007) . National milk sales data corroborates these findings. In 2003 In -2004 .4% of milk sales were high-fat milk products-36% were sales of whole milk and 35.5% were 2% milk sales. Low-fat milk sales represented 28.6% of all milk sales-12.7% were 1% milk sales and an additional 15.9% were nonfat milk sales (U.S. Department of Agriculture, 2012). The purpose of this research was to test the effectiveness of a social marketing intervention promoting the use of 1% milk, 1% Low-Fat Milk Has Perks!.
Previous interventions promoting the consumption of low-fat milk have reported mixed results. Of these, the 1% or Less campaign is the most studied intervention. Initially, this intervention promoting low-fat milk was implemented in several small, sociodemographically homogenous cities (b 35,000 population) in West Virginia, with each campaign testing the effectiveness of a different promotional strategy (Booth-Butterfield and Reger, 2004; Reger et al., 1998 Reger et al., , 1999 Reger et al., , 2000 Wootan et al., 2005) . The 1% or Less intervention was based on the theory of reasoned action that posits behavior is best predicted by intention, which is determined by attitude and subjective normative beliefs. The intervention promoted the health benefits, price savings, and taste of low-fat milk (Booth-Butterfield and Reger, 2004) . Its effect was measured, in part, by the change in mean monthly low-fat milk sales per supermarket from immediately before to immediately following the intervention.
These studies concluded that a combination of paid advertising, public relations, and community-based outreach was most effective in increasing low-fat milk sales (Reger et al., 1998; Wootan et al., 2005) . However, the intervention did not produce a significant effect when implemented using paid advertising alone or a combination of community events with public relations (Reger et al., 2000; Wootan et al., 2005) . Subsequently, the 1% or Less campaign was replicated in a primarily Hispanic community in California and the state of Hawaii (Hinkle et al., 2008; Maddock et al., 2007) . In both instances, the intervention strategy included community-based events, paid advertising, and print media. In California, the increase in low-fat milk sales was more modest following the 1% or Less intervention than the similar West Virginia intervention, and the effect was not sustained (Hinkle et al., 2008; Reger et al., 1998) .
Results of the 1% or Less intervention were also mixed when replicated in Hawaii, which, compared to West Virginia, is a large media market with a multi-ethnic population (Maddock et al., 2007) . In that intervention, pre-and post-intervention telephone surveys revealed a significant increase in low-fat milk use immediately after the intervention and a modest overall increase three months later. The significant increase in self-reported low-fat milk immediately after the intervention was confined to Whites and Filipinos, and three months later no significant effect by ethnicity was identified. Notably, the failure to identify an effect by ethnicity may have been attributable to small sample sizes.
When taken together, the 1% or Less studies conducted in Hawaii and California raise questions of the generalizability of this intervention. Moreover, the West Virginia studies raise the question whether paid advertising alone can produce a significant change in a nutrition behavior.
The 1% Low-Fat Milk Has Perks! social marketing intervention sought to address these issues. This intervention used paid advertising only to promote 1% milk and was implemented in a large but diverse media market.
Formative research based on seven focus group discussions, and using mixed methods, was conducted in Oklahoma City. That research revealed poor milk nutrition knowledge and myths influenced the type of milk usually chosen. Based on this research, the 1% Low-Fat Milk Has Perks! intervention promoted the following four key messages: 1) 2% is not low-fat milk; 2) 1% low-fat milk is not watered down; 3) 1% low-fat milk has the same nutrients as 2% milk and whole milk; 4) 1% low-fat milk has the same Vitamin D as 2% milk and whole milk. The formative research also revealed that 2% milk consumers were more willing to consider using 1% milk than whole milk consumers. Therefore, we hypothesized that sales of 2% milk would decrease more than sales of whole milk, and that the reduction would be reflected in an increase in the targeted behavior, sales of 1% milk.
Methods

Design
Intervention and comparison area
The Oklahoma City (OKCMM) and Tulsa (TMM) media markets, the two largest media markets in Oklahoma, were chosen as the intervention and comparison areas, respectively. As the study's comparison area, the TMM received no media exposure or other intervention components. As seen in Table 1 the sociodemographic characteristics of the two media markets are very similar (U.S. Census Bureau, 2016).
Intervention
The 12-week 1% Low-Fat Milk Has Perks! intervention ran from June 11, 2012 to September 2, 2012, relying on television and radio commercials, print advertisements, billboards and bus wraps, point-of-sale promotional items, and digital media. Kendrick Perkins, a professional basketball player with the Oklahoma City NBA franchise, was the celebrity spokesperson.
1.1.2.1. Television and radio advertising. Four 30-second television commercials and two 30-second radio commercials ran during the intervention. The television commercials ran 1117 times in English (an average of 14.3 spots per day), and 154 spots were broadcast in Spanish (an average of 1.9 per day). It is estimated that 99% of adults in the English viewing audience (age 18 and older) viewed the television commercials, on average, 24.2 times, and that 23.1% of the Spanish speaking population was reached, and viewed the commercials an average of 4.2 times. Two English radio commercials (454 spots) were broadcast for an average of 5.5 spots per day. On the Spanish radio station, 295 spots aired, an average of 3.6 spots per day. Approximately 37.9% and 18.5% of English and Spanish speaking adults were reached respectively through radio.
1.1.2.2. Billboards and bus wraps. Billboards were placed in the Oklahoma City metropolitan area, including three digital billboards plus 73 print billboards donated by a collaborating local supermarket. Advertisements were also displayed on exteriors of six busses and in the interiors of 65 busses that circulated in the Oklahoma City transit system. 1.1.2.3. Print media. Twelve print advertisements ran in free community newspapers and magazines that are widely distributed in the metropolitan area.
1.1.2.4. Point-of-sale promotional items. Promotional and point-of-sale items included life-size cutouts of Perkins, dairy case clings, souvenir buttons, and a handout with nutrition information entitled 'Lactoid Factoids.' In the metropolitan area, these point-of sale items were prominently displayed near dairy cases in 36 supermarkets and placed in seven Oklahoma Department of Human Service centers, two county health department offices, and one local public library. To ensure program fidelity, project staff monitored the availability and placement of point-of-sale items weekly.
1.1.2.5. Digital media. Digital media included Pandora, a website, and YouTube. Pandora had 3.35 million impressions, generating 23,963 clicks on the commercials. The interactive website, available in English and Spanish, reinforced the theme of the intervention. From the website home page, 8,296 unique visitors clicked on an icon and received milk nutrition messages. YouTube videos, the 30-second commercials created for television, were viewed 53,000 times.
Supermarket milk sales data
Five grocery chains, representing 146 supermarkets, provided milk sales data, including 80 stores in the OKCMM and 66 stores in the TMM. We calculated each store's total weekly number of gallons sold for whole, 2%, 1%, and nonfat milk. Sales data for buttermilk, flavored, and lactose-free milk products were not requested, nor was data on milk containers smaller than a half-gallon.
To allow comparability of the results of the 1% Low-Fat Milk Has Perks! intervention to previous studies, a summary by type (whole, 2%, 1%, and nonfat milk) of the total number of gallons sold, the proportion of milk sales (market share), and the mean number of gallons sold per supermarket were calculated for monthly periods. Paired t-tests assessed differences in the monthly mean number of gallons of 1% milk sold per supermarket from prior to the intervention to after it ended for both media markets, as well as two and three months after the intervention ended. The effect size r was calculated for the change in 1% milk sales.
The main analysis is a mixed segmented regression model that evaluated the impact of the 1% Low-Fat Milk Has Perks! intervention. We defined the three segments based on weekly time periods; baseline period (March 4 -June 2, 2012), intervention period (June 3 -September 1, 2012), and post-intervention period (September 2, 2012 to the end of December 2012). The segmented regression analysis examined milk sales by type (whole, 2%, 1%, and nonfat milk) in the two media markets. Store-specific intercepts and slopes accounted for non-independence of a given store's weekly sales reports and incorporated an unstructured covariance matrix (Durban-Watson test statistic = 0.57). A repeatedmeasure ANOVA identified the level of week-to-week changes in 1% milk sales. All data were analyzed using SPSS Version 20.0. The threshold for determining statistical significance was a two-tailed test with 0.05 as the alpha level.
Results
2.1. Pre-and post-intervention changes in the mean gallons of 1% milk sold Table 2 summarizes the sales of each type of milk during the study in the OKCMM. As seen in Table 2 , the market share of 1% milk sold increased from 10.0% in April to 11.5% in September, a 15% increase. The data demonstrates that the total number of gallons of 1% milk sold increased from 71,239 gal prior to the intervention, (April, 2012), to 85,659 gal the month immediately after the intervention (September 2012). In other words, for this time-period, the monthly mean number of gallons of 1% milk sold per supermarket increased from 890.5 gal (SD = 769.8) to 1070.7 gal (SD = 922.5) resulting in a mean difference of 180.2 gal per supermarket (95% CI [142.1 gal/mo., 218.4 gal/mo.], t(79) = 9.4, p = 0.000, effect size r = 0.73).
Although sales of 1% milk declined after the intervention ended, two months later (November 2012), the average gallons of 1% milk sold per supermarket was still 9.4% higher than before the intervention (t(79) = 5.8, p = 0.00, effect r = 0.54). Moreover, 1% milk sales remained 3.0% higher three months after the intervention ended than before it was initiated in April, evidence of a sustained effect (t(79) = 5.2, p = 0.00, effect r = 0.50).
The total volume of 1% milk sold also increased in the TMM during the same time-period as the intervention in the OKCMM (Table 3) . The monthly mean number of gallons of 1% milk sold per supermarket increased 4.8%, from 826.2 gal (SD = 700.7) to 865.8 (SD = 701.0, or an average change of 39.6 gal/mo (95% CI: 14.2 gal/mo., 64.9 gal/mo.). This was a significant increase in monthly 1% milk sales, (t(65) = 3.1, p = 0.000, effect r = 0.36). However, comparing the independent effect sizes, the monthly mean number of gallons of 1% milk sold per supermarket improved significantly more in the OKCMM than in the TMM, p (two-tailed) b 0.001.
Moreover, even though the number of gallons of 1% milk sold increased in the TMM, there was no change in the market share of 1% milk, and increases in the monthly mean number of gallons of milk sold in the TMM occurred across all types of milk (Table 3) . The segmented regression model measured the magnitude of these changes (Table 4 ). As illustrated by Fig. 1 , average weekly sales of 1% milk varied little before the intervention (b = −0.2 gal/week, 95% CI [− 0.6 gal/week, 0.3 gal/week]; Table 4 ). During the intervention, 1% milk sales increased by an average of 4.1 gal per week per store (95% CI [3.5 gal/week, 4.6 gal/week]; Table 4 ). During the 3-month period after the intervention ended, weekly 1% milk sales trended downward (b = −6.7 gal/week, 95% CI [−7.3 gal/week, −6.3 gal/week]; Table 4 ).
The repeated-measures ANOVA revealed that 1% milk sales began increasing during the third week of the intervention and continued to increase until the eleventh week. By the sixth-week of the 1% Low-Fat Milk Has Perks! intervention, or the intervention midpoint, the mean gallons of 1% milk sold per supermarket was significantly higher than the week prior to beginning of the intervention, p = 0.00.
Change in the weekly trend of 1% milk sales (Tulsa media market)
In the TMM, during the 12-week period prior to the intervention in the OKCMM, 1% milk sales declined slightly, (Fig. 2 and Table 5 ). Fig. 2 also illustrates that weekly 1% milk sales began to increase modestly in the TMM during the intervention period, and then declined steeply during the post-intervention period.
In the TMM, the segmented regression analysis revealed that the positive trend in weekly 1% milk sales was a significant change (Table  5 ). However, the evidence revealed the rate of change averaged 2.4 gal each week per supermarket (Table 5 ), a rate much smaller than the 4.1 gal average weekly increase in 1% milk sales in each supermarket located in the OKCMM (Table 4 ). 
Nonfat milk sales (Oklahoma City media market)
The evidence revealed no change in the market share of nonfat milk sales in the OKCMM (Table 2) , ruling out that the increase in 1% milk sales was attributable to an undesirable and unintended consequence of consumers purchasing it instead of nonfat milk.
High-fat milk sales
Changes in whole milk sales
Whole milk purchases declined in the OKCMM. The monthly market share of whole milk decreased from 37.1% in April to 35.4% in September, a 4.6% relative decrease (Table 2 ). In comparison, for the sametime period, the monthly market share of whole milk remained about the same in the TMM, a 0.9% increase (Table 3 ).
In addition, the segmented regression analysis (results not shown) revealed that the change in the weekly trend of whole milk sales neither rose nor fell significantly in the OKCMM, p = 0.80 (b = −0.3, 95% CI [− 0.2.2 gal/week, 1.7 gal/week]). The quantity of whole milk sold rose in the TMM (p = 0.00, b = 9.3, 95% CI [6.6 gal/week, 11.9 gal/ week]).
Changes in 2% milk sales
The market share of 2% milk, increased from 42.8% in April to 43.3% in September, the month immediately after the intervention ended in the OKCMM, a non-significant 1.2% increase (Table 2 ). There was also no change in the market share of 2% milk sales in the TMM Table 3 ). The monthly market share of 2% milk was 46.3% of all milk sales in April and remained at 46.0% in September (a 0.7% decrease).
Discussion
The 1% Low-Fat Milk Has Perks! intervention clearly resulted in a significant increase in 1% milk sales in the OKCMM from before the intervention to after it ended. The results are consistent across multiple measures. The monthly market share of 1% milk improved 15% from April to September. The week-to-week trend in the amount of 1% milk sold in the OKCMM significantly increased during the intervention. Moreover, no positive trend in weekly 1% milk sales existed prior to the intervention in the OKCMM, ruling out the possibility that the gain in 1% milk sales was attributable to a growing demand for 1% milk that existed prior to the intervention.
Although an increase in 1% milk sales was also observed in the TMM, the monthly mean number of gallons of 1% milk sold per supermarket improved significantly more in the OKCMM from before to immediately after the intervention ended. Moreover, the market share of 1% milk sold in the comparison TMM did not change during the period of the intervention, while a 15% increase occurred in the intervention media market. The data suggests that the increase in the number of units of 1% milk sold in the TMM was because of a general temporal increase in the demand for all types of milk, not campaign spillover.
As further evidence that the 1% Low-Fat Milk Has Perks! intervention was the reason for the increase in 1% milk sales in the OKCMM, the market share of nonfat milk did not change in the OKCMM during the intervention period. Hence the increase in 1% milk was not attributable to users of nonfat milk purchasing 1% milk. No factor other than the intervention explains the increase in 1% milk sales in the OKCMM.
One unexpected finding emerged. The formative research revealed that the type of milk chosen was a firmly entrenched habit but that 2% milk users were more willing to consider low-fat milk than whole milk users. Our hypothesis was that the largest reduction would be in the quantity of 2% milk sold. Yet, this study found that the market share of whole milk declined 4.6% from before to immediately after the intervention and the market share of 2% milk slightly increased (1.2%). This finding suggests that whole milk users made at least a "one-step" change to 2% milk. If so, this would explain why 2% milk sales increased slightly instead of decreasing as expected.
As expected, a portion of the intervention effect decayed after the intervention ended. Yet, a significant effect remained two and three months after the campaign ended, indicating a sustained intervention impact. Notably, the post-intervention period included November and December, when special holiday meals may have influenced milk purchases. Given that the market share of 1% milk declined slightly in Tulsa during this same time period, some portion of the loss of effect is likely attributable to an increased use of higher fat milk during the holiday season.
The impact of the 1% Low-Fat Milk Has Perks! intervention, effect r = 0.73, compares favorably with the most successful of the 1% or Less interventions (effect r = 0.63, N = 12) (Wootan et al., 2005) . In fact, there is no significant difference in these effect sizes, p = 0.60, which has important implications. For one, a significant change in the targeted behavior in a larger media market means more lives were touched than in a smaller market.
To illustrate, in the 1% or Less intervention, the largest effect was realized in Clarksburg and Bridgeport, West Virginia (Reger et al., 1998; Wootan et al., 2005) . These intervention cities had a combined population of 25,000, and given the population size, the 1% or Less intervention resulted in an estimated 5750 people changing from high to low-fat milk. In contrast, in this 1% Low-Fat Milk Has Perks! intervention, the media market contained 1.8 million people, and a 1.5% absolute increase in 1% milk use could signify that as many as 27,000 people adopted lowfat milk.
Another important aspect of the 1% Low-Fat Milk Has Perks! intervention was that it relied exclusively on paid advertising for promotion in a large, ethnically diverse population. In contrast, the 1% or Less Note. The level intercept or mean number of gallons of 1% milk (level) sold the week before the intervention (June 3-9) did not significantly change. Therefore, this parameter estimate does not change the trend of 1% milk sales during the intervention, nor does it add to interpretation of the findings from this regression model. Thus, the variable was removed from the model. intervention implemented in West Virginia was implemented among a relatively small, homogenous population, primarily white, and the intervention included paid advertising, public relations, and communitybased activities (Reger et al., 1998) . Community-based activities can be effective but are expensive to implement, thus making these activities impossible in a large, ethnically diverse, and geographically dispersed area. The success of the 1% Low-Fat Milk Has Perks! intervention reveals that paid advertising alone, based on the principles and techniques of social marketing, can be effective in changing an entrenched and habitual nutrition behavior in a geographically dispersed area and among a large, ethnically diverse population.
A methodological strength of this study is its quasi-experimental design and its use of a segmented regression mixed model to evaluate the temporal impact of the 1% Low-Fat Milk Has Perks! intervention. Wagner and colleagues maintain a segment regression model is the best statistical method to evaluate the effect in a quasi-experimental design (Wagner et al., 2002) . It controls for pre-intervention trends, for correlation among individual stores' weekly sales figures, and for the contextual differences between stores. Graphing time-series data also provides a convincing visual representation of different trends.
Conclusion
1% Low-Fat Milk Has Perks!, a multi-level social marketing campaign, increased low-fat milk use at the population level and revealed that a rigorous social marketing campaign based on consumer psychographics can be an effective way to change an entrenched behavior through paid advertising alone. In addition, the quasi-experimental design and segmented regression analysis is an effective means of evaluating a change in nutrition behavior and provides insight into trends before, during, and after the intervention. Overall, this intervention increased the market share of 1% milk sales by 15%, and a significant effect was sustained three months after the intervention ended. Moreover, average weekly sales of 1% milk were stable prior to the intervention but increased by an average of 4.1 gal per supermarket for each additional week of the intervention.
